Three groups ofpatients are identified in the series of secundum atrial septal defect with left axis deviation in an analysis of 91O patients of secundum atrial septal defect with or without other accompanying anomalies: I) 12 patients with isolated ostium secundum defect; 2) 5 patients with associated prolapse ofposterior leaflet of the mitral valve; 3) 4 patients with associated hypertrophic cardiomyopathy and/or single (left) coronary artery.
Three groups ofpatients are identified in the series of secundum atrial septal defect with left axis deviation in an analysis of 91O patients of secundum atrial septal defect with or without other accompanying anomalies: I) 12 patients with isolated ostium secundum defect; 2) 5 patients with associated prolapse ofposterior leaflet of the mitral valve; 3) 4 patients with associated hypertrophic cardiomyopathy and/or single (left) coronary artery.
The findings of these 2I patients with proved secundum atrial septal defect are analysed. The combination of such anomalies should be considered in the differential diagnosis ofprimum endocardial cushion defect from the electrocardiographic viewpoints.
The electrocardiogram is an important aid in differentiating between ostium secundum and ostium primum types of atrial septal defect. Brandenburg, and Burchell (I956) were the first to stress that left axis deviation, counterclockwise rotation, and superior displacement of the QRS loop in the frontal plane were the characteristic electrocardiographic and vectorcardiographic findings in patients with ostium primum defect. Subsequently, many other reports (Blount, Balchum, and Gensini, 1956;  Liebman and Nadas, I960) also have confirmed that nearly 95 per cent of the patients with ostium primum defects reveal incomplete right bundle-branch block, right ventricular hypertrophy, left axis deviation, and counterclockwise rotation of the QRS loop.
There is still no agreement concerning the cause of these electrocardiographic phenomena in ostium primum. Some have ascribed the left ventricular hypertrophy to haemodynamically significant mitral regurgitation (Milnor and Bertrand, I957; Cooley and McNamara, 1958) , while others have attributed the left axis deviation to an alteration in the exciting pathway (Toscano-Barbosa et al., 1956 ). However, recent opinion agrees that right bundle-branch block with left anterior hemiblock is the most acceptable cause of the left axis deviation (Lev, 1958; Feldt, DuShane, and Titus, I970) . Whether it is attributed to, i) abnormal development of the left anterior branch (left anterior branch block) (Rosenbaum et al., 1970) , or 2) early excitability of the left posterior branch (Durrer, Roos, and van Dam, I966), still remains to be resolved.
Details concerning the electro-anatomical abnormalities of primum defects have been stressed by many authors. However, there are few reports regarding those secundum defects with left axis deviation.
The purpose of this paper is to describe the findings in 2I patients with proven secundum atrial septal defect with left axis deviation, who were originally referred with a diagnosis of ostium primum atrial septal defect.
Subjects and methods The present study is based on an analysis of 910 cases of secundum atrial septal defects with or without accompanying complications seen at the Heart Institute of Japan, Tokyo Women's Medical College, between May I965 and May I973. Among these, 2I cases (2.3%) were found to have the electrocardiographic electrical axis in the frontal plane of -I0°to -I60°. The diagnosis of secundum atrial septal defect was confirmed by right and left heart catheterization, angiocardiography, and operation.
Of 21 cases studied, I3 were male and 8 female. The age of the patients ranged from 7 to 36 years. Surgical repair of the defects under direct vision was carried out in I7 patients. The electrocardiographic diagnosis of left axis deviation was evaluated upon the basis of the criteria of New York Heart Association. Tables I, 2, 3): i) without associated gross anomalies; 2) with associated prolapse of the posterior leaflet of the mitral valve (Fig. I); 3) with associated hypertrophic cardiomyopathy and/or single coronary artery (see Fig. 4 (Table 3) . These showed features of hypertrophic ventricular septum (Fig. 2) ; Noonan's syndrome with hypertrophic ventricular septum and mild mitral regurgitation (Fig. 3) ; Noonan's syndrome with hypertrophic ventricular septum, pulmonary valvular stenosis, persistent left superior vena cava, and single coronary artery (Fig. 4) ; and single coronary artery (Fig. 5) , respectively. The mean QRS axis was -400 tO -i6o' and the direction of inscription of the QRS loop in the frontal plane was counterclockwise in all instances. The PQ interval was prolonged only in one patient. In Case I9, Vi was rS, V3 QS, and V6 rS; this gave rise to a suspicion of cardiomyopathy.
The presence of secundum atrial septal defect and associated diseases was confirmed by catheterization, angiocardiography, and operative findings. The average ratio of pulmonary to systemic flow at atrial level was 2.5. Surgical repair was confined to the closure of the secundum defects; the hypertrophic cardiomyopathy and single coronary artery were not treated.
Discussion
Opinions differ as to the degree of QRS axis in left axis deviation. According to the New York Heart Association (I964), the criterion is -29°to -go'.
However, other reports give -I5 tO -9o (Grant, I956) and -30°to -g9o (Pryor and Blount, I966) .
The cause of electrocardiographic left axis deviation is still unknown. Because of its characteristic occurrence in patients with primum defects, some (Milnor and Bertrand, I957; Cooley and McNamara, I958; Campbell and Missen, I957) favoured the view that the left axis deviation was related to left ventricular hypertrophy caused by significant mitral regurgitation. Ifthe left axis deviation and a counterclockwise rotation of the frontal plane QRS loop were to disappear after surgery, it would suggest strongly that these changes were caused by left ventricular hypertrophy rather than by congenital aberration of the left bundle-branch. But persisting left axis deviation after successful surgery in followup electrocardiographic and vectorcardiographic studies of patients with ostium primum made this view untenable (Burchell, DuShane, and Brandenberg, I960; Lee and Sherlis, I962) . Thus, the concept of alteration of the conduction pathways has been favoured in recent studies. In the present study, 2I patients who were diagnosed as having ostium secundum defects had left axis deviation and counterclockwise rotation of the QRS loop in the frontal plane. There were only two instances complicated by mild mitral regurgitation. Of the 5 patients with associated prolapse of the posterior leaflet of mitral valve, no case was found to have mitral regurgitation.
A case of secundum atrial septal defect with left axis deviation and associated hypertrophic cardiomyopathy has been described by Somerville and McDonald (I968) . We have also found 3 patients with the same characteristics in the series. One had a strange face and build, with some of the features seen in the mosaic forms of Turner's syndrome, as described by Somerville and McDonald; and 2 had Noonan's syndrome.
Single (left) coronary artery also was found in 2 of the series: i was a case of Noonan's syndrome.
The occurrence of left axis deviation of the frontal plane QRS loop in secundum type atrial septal defect associated with the above-mentioned anomalies is interesting. Whether the associations are significant in regard to the aetiology of left axis deviation is unknown. Such a combination of anomalies should be considered in the differential diagnosis of endocardial cushion defect from the electrocardiographic standpoint. 
